Molybdenum rocks, which have found industrial applications, are represented by molybdenite. Molyb denum can be simultaneously recovered from poly metal rocks, which relate to copper-molybdenum, tungsten-molybdenum, lead-molybdenum, and vanadium-molybdenum. After the corresponding steps of enrichment, these rocks are molybdenum concen trates. The enrichment of molybdenum rocks is mainly performed according to cooperative or selective flota tion. Oxidized molybdenum rocks, which have poor enrichment ability according to flotation and, finally, all possible waste, tails, and cakes from processing rocks and concentrates that have a large fraction in metallurgy of molybdenum, exist in the largest amounts [1].
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The main methods of processing molybdenum sul fide concentrates correspond to the annealing of con centrate with the subsequent preparation of ferromo lybdenum according to silicothermy, reduction with carbon, and aluminothermy; annealing with subse quent desalination by various solvents, e.g., ammonia, solutions of hydroxides, and alkali metal carbonates; annealing with the additional charging of the lime or iron scale with the production of calcium molybdate or iron molybdate for subsequent preparation of ferromo lybdenum; annealing with the deposition of molyb denum trioxide; sintering with soda, as well as sodium sulfide or sulfate with coal and subsequent desalination, the precipitation of molybdenum sul fide (applied to oxidized molybdenum rocks, e.g., those that contain wulfenites); chloride deposition with sodium chloride or direct chlorination (applied to polymetal rocks containing molybdenum); and hydrometallurgical methods, more specifically, auto clave using nitric acid at elevated pressure and tem perature or use of oxygen, as well as using alkali met als at normal temperatures and pressure.
The first and most important step at processing of molybdenum concentrate is annealing. When it enters processing, molybdenum concentrate contains 75-95% molybdenum and rhenium sulfide, as well as accompanying copper, iron, zinc, and lead sulfides, and barren impurities, namely, silicon and aluminum oxides and calcium and magnesium carbonates. Molybdenum concentrate contains 45-55% molybdenum and 30-35% sulfur. Annealing is required in order to eliminate all sulfur. Sulfate and sulfide sulfurs, which exist in the annealed concentrate, are also unacceptable because they easily dissolve and contaminate the solutions obtained in the subsequent hydrometallurgical treat ment of calcines. In the formation of oxidative atmo sphere, all free carbon, oils, and fluororeagents should be burned from concentrate. Among fluororeagents, the removal of collectors that coat sulfides and oxides by the film, making them hydrophobic, is particularly nec essary. A decrease in the wettability of the concentrate results in a decrease in the recovery of molybdenum to solution in hydrometallurgical processing [2, 3] .
Rhenium is found in most molybdenum concen trates. In industry, sources of rhenium (by 80%) are molybdenum and copper sulfide concentrates; the remaining amount is obtained by recycling Re Pt cata lysts. Upon the enrichment of copper-molybdenum rocks, Re follows Mo, which is often accompanied by Cu. During flotation, up to 80% of Re enters the con centrate. For example, molybdenum concentrates obtained by enriching porphyry copper rocks contain 0.005-0.075% Re. The oxidative annealing of molyb denum sulfide concentrates is performed at 550-650°C.
In order to anneal molybdenum concentrates, the following setups are conventionally used: muffle and batch type furnaces with manual raking of calcine, rotary tubular furnaces, multiple bed furnaces, and flu idized bed furnaces.
In concentrate, rhenium forms Re 2 O 7 , which is taken away by the gas flow. The trapping of metal is per formed using special wet systems (scrubbers and bub blers) in combination with dry setups (cyclones and sleeve filters), which can trap 60-70% Re. Rhenium is recovered according to various methods. Rhenium is recovered from solutions as Re 2 S 7 by sodium sulfide, ammonium sulfide, and polysulfides, as well as in the form of potassium perrhenate KReO 4 by KCl solution. Re is selectively sorbed from sulfuric acid solutions with subsequent elution by an aqueous solution of ammonia and the vaporization of elutes, which results in ammo nium perrhenate. The combined extraction of rhenium and molybdenum by tertiary amines from sulfuric acid solutions, ammonia reextraction of Re and Mo, the lime purification of reextract from Mo, and the vapor ization and formation of ammonium perrhenate are suggested.
Existing national and foreign technologies of pro cessing of molybdenum concentrates and industrial products involve oxidative annealing with the evolution of sulfurous gas to gas phase, more than half of rhenium as Re 2 O 7 , and part of molybdenum as MoO 3 . This cre ates ecological problems and gives rise to noncollect able losses of metals. In addition, the subsequent hydro metallurgical processing of annealed product results in the formation of waste water and is extremely techni cally complicated when preparing pure products, e.g., ammonium paramolybdate ((NH 4 ) 6 Mo 7 O 24 ⋅ 4H 2 O) and ammonium perrhenate (NH 4 ReO 4 ). The fact is that, at the desalination of annealed concentrate, in addition to Mo and Re, there are a large number of harmful impurities in solutions, the purification from which leads to the additional noncollectable loss of Mo and Re. As a result, no more than 50-60% Re and 90-97% Mo is extracted to trade products [4] [5] [6] . Existing technology for processing molybdenum concentrates is given in Fig. 1 .
Substantial losses of molybdenum and rhenium when processing molybdenum raw material determine the demand for developing improved technology.
RESULTS AND DISCUSSION
At the Institute of Metallurgy, the search for the oxi dative annealing of molybdenum sulfide concentrate of the new Yuzhno Shameiskii deposit were performed (table). Concentrate was obtained by enriching rock recovered from an exploratory career [7] .
Concentrate was annealed with calcium containing additives. As the result, sulfurous gas is transformed into calcium sulfate and does not evolve into the gas phase as follows:
SO In order to recover rhenium from solutions, sorption method was used. Five sorbents were tested, namely, AN31, AV17, AMP, Purolite A170 (further A170), and Purolite A172 (further A172). Sorption was performed under dynamic conditions. Dynamic volume capacity, g/dm 3 , is as follows: AN31, 57.8; AMP, 68.2; AV17, 72.4; A170, 75.0; and A172, 88.1. Full dynamic volume capacity, g/dm 3 , is as follows: N31, 63.8; AMP, 74.2; V17, 79.1; A170, 82.5; and A172, 95.8. As follows from the results of study of sorption on five brands of anion ites, A170 and A172 have the highest capacity on rhe nium. However, A170 anionite with rhenium sorbs a substantial amount of molybdenum; this does not sat isfy to the requirements on rhenium selectivity in the presence of molybdenum. Regarding A172 anionite, it almost does not sorb molybdenum. Desorption of rhe nium was performed by 10% aqueous solution of ammonia. Degree of desorption of rhenium from A170 and A172 anionites was less than 98% after passing three to four specific volumes of eluting solution (con centration of rhenium in desorbates is 20-25 g/L) and degree of desorption from AN31, AV17, and AMP anionites was less than 20% (rhenium concentration in desorbates is 0.5-1 g/L). After the desalination of rhenium, cakes were treated with an aqueous solution of soda at a concentra tion of 50-400 g/dm 3 for 30-90 min (Fig. 2) . Condi tions of desalination of molybdenum are as follows: sodium carbonate solution with the concentration from 150 to 200 g/dm 3 , temperature is 90°C, time is 60 min, and solid to liquid phase ratio is 1 to 4. Desalination solutions contain 0.5 mg/dm 3 Re and 40 mg/dm 3 Mo. Complete reextraction of rhenium and recovery of molybdenum to solution to the degree of 99% was achieved [10] . The technology for processing molybde num concentrates developed is given in Fig. 3 .
CONCLUSIONS
Existing national and foreign technologies of pro cessing of molybdenum concentrates and industrial products do not enable one to recover rhenium com pletely and are not ecologically effective. No more than 50 to 60% Re and 90 to 97% Mo are recovered to trade products.
On the laboratory scale, the conditions of the oxida tive annealing of molybdenum concentrate with the addition of CaO without the evolution of sulfurous gas in gas phase and the loss of volatile compounds of molybdenum and rhenium were determined. The methods of the selective desalination of rhenium and molybdenum were devised based on the calcine obtained. First, rhenium is bleached selectively; then, molybdenum is bleached by alkali metal carbonate with a concentration of 150-250 g/dm 3 . Sodium or potas sium carbonate is used as alkali metal carbonate. The degree of recovery of molybdenum takes the value of 99%. Degree of selective recovery of rhenium to solu tion at the first step is 76% and remaining 24% is bleached at the second step together with molybdenum. The selective desalination of these metals is a prerequi site for the preparation of high quality molybdenum and rhenium products.
A principally new direction in the development of environmentally friendly technology of production of molybdenum and rhenium from molybdenum con taining concentrates and industrial products was found. The results of the studies are considered for use at the new Yuzhno Shameiskii deposit and modernization of existing productions. The demand for molybdenum and rhenium used for doping titanium alloys increases due to the creation of Titanium Valley in the Urals. Molybdenum and rhenium have recently been pur chased abroad because national industry does not fabri cate this production. 
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